In this paper, Weighted Upwinding Compact Scheme (WUCS), which belongs to the family of finite difference schemes, is proposed. According to dissipation and dispersion analysis, the upwinding candidates are constructed in a way such that the left and central candidates have positive dissipation with very small dispersion. Also, global dependent problem, using all grid points including the downstream points to get derivative, is avoided by WUCS because it is prohibited for the shock case. The results show that WUCS has seventh order in smooth area and has the ability to capture the shock by making the global dependence become up-winding dependence. There is an effort to apply the proposed scheme to 1-D, 2-D, and 3-D Euler equations.
Introduction
Due to the increasing of computational resources, the numerical schemes have been widely improved, and one of the critical problems is approximating the derivative numerically for a given data set. Many problems require high order scheme with high resolution. Others that involve shocks require a numerical scheme with high resolution and shock capturing Capability. In the recent years, many shock capturing schemes has been extensively developed and used in CFD. Before ENO (Essentially Non-Oscillatory) schemes were introduced by Harten (1987) , adding artificial viscosity and applying limiters were the most common ways to reduce or eliminate the oscillations near discontinuities. One problem of using the first approach is fine adapting of the parameter controlling the size of the artificial viscosity is problem dependent, and reducing the order of accuracy is one disadvantage of the second approach (Shu, 1997) . Therefore, ENO approach was identified as the first successful strategy that deals with problems containing both shocks and complicated smooth flow structures, like a turbulent flow and shock interaction with vortices (Shu, 1997) . ENO main idea is to select the smoothest stencil among three stencil, and one of the disadvantages is the order of accuracy will be second order because of using only 3 points. In addition, if the three candidates are almost the same, it is difficult to decide which one to use. To overcome the low order accuracy, Jiang and Shu (1996) propose weighted ENO scheme (WENO) whose main idea is to assign optimal weights to all stencils and combine them to get high order in smooth area and bias upwind weights to avoid the stencil containing a shock. WENO scheme has been widely used, and it produces very successful results. However, it costs a little high because of the complexity of calculating the weights in each stencil at each iteration step. Lele (1992) proposes a family of finite difference compact CS schemes which have been proved to have a range of scales in the evaluation of low and high order derivatives. In particular, when using compact schemes, the order of the scheme can be increased by involving both function and derivatives at the same given points while the desired approximation order in the standard finite difference scheme requires at least one point wider. Although CS can keep high order accuracy and high resolution in the smooth regions, they cannot capture the shocks because of the global dependence on the data set. Grid to grid oscillation will be introduced when using CS to differentiate a discontinues function, so many techniques have been attempted along with CS such as filtering which cannot eliminate oscillations near shock area (Visbal et al., 1998; Shan et al., 1999; Jiang et al., 1999) . In section 2 of this work, basic formulation of WUCS is introduced, and WUCS is applied to different problems in section 3.
Weighted Upwinding Compact Scheme

The finite difference compact scheme \
With a uniform grid, consider = ℎ( − 1), = ( ), and ′ as the independent variable, the given function value, and the finite difference approximation to the first derivative of the function f at the point j for 1 ≤ ≤ respectfully. In the finite difference compact scheme (Lele, 1992) , ′ can be computed using the following formula:
Conservative Reconstruction
Conservative property of the schemes is an essential especially when dealing with problems that have discontinuities because large errors will be generated near discontinuities when using neoconservative methods. One of the finite difference compact schemes problems is the conservative property of the schemes. In this work, ENO reconstruction method is used together with weighted compact scheme to obtain conservation as described below (Shu & Osher, 1988 , 1989 . For 1-D conservation laws:
) and ℎ = +
A semi-discrete conservative form of above equation can be described, when a conservative approximation to the spatial derivative is applied, as follows:
where ̂ is the numerical flux
h is the step size in the x-direction, and H is the primitive function of ̂
It can be clearly seen from above that the only approximation involved is the calculation of the derivative of the primitive function
Basic formulation of WUCS
For a given point j, three candidate stencils containing these points are defined as follows:
, +2 � The schemes for the three candidate stencils are obtained by applying equation (2.1) to each of these stencils and are given by equation (2.2).
All the three schemes above are fifth order, and according to the idea of WENO scheme, a new seventh order scheme is obtained by a combination of all stencils with a specific weight assigned to each one of them as follows. Consider 0 = are the weights assigned to the stencils 0 , 1 , 2 respectively. Also, for consistency of the scheme, the sum of these weights should equal to zero. Hence, from the combination below
The final scheme can be written as following: It can be verified that the scheme above has 7th order by using Tylor expansion for each term. Also, from the numerical results in section 3, it is show from the tables below that the scheme has 7th order with high resolution.
Dissipation and Dispersion of WUCS
In this section, a modified wave number for WUCS is computed with Fourier analysis. One problem with WCS is having a negative dissipation for the left candidate, and this problem is treated when constructing WUCS. As shown below, the left and the center candidates have positive dissipation while the right candidate has negative dissipation. Also, the overall scheme has positive dissipation. It can be clearly seen that all candidates and the overall scheme have small dispersion to get good resolution. 
Numerical Results
Runge-Kutta scheme (Shu et al., 1988 ) is used for time integration, and MUCS is used to find the derivative in the x direction for the following examples.
Convection Equation
One-dimensional convection equation + = 0, < < is solved using WUCS at time tk with different initial functions ( , 0) = 0 ( ) Two types of initial functions are used, smooth and non-smooth. For the smooth ones, WUCS is used directly to solve the equation as in (3.1.1), and high frequency examples are solved to indicate the scheme has 7th order of accuracy with high resolution as in (3.1.2). For the non-smooth functions, the proposed scheme is applied in two ways. The first way is using the idea of the non-linear weight from WENO by giving very small weights for the candidates that have discontinuities as in (3.1.3). The second way is decoupling the system into subsystems and solving these subsystems using WUCS as in (3.1.4). In other words, the derivative matrix is decoupled into submatrices according to shock locations. Table 6 . errors of the numerical solution when 0 ( ) = (160 ) at tk=1 -------------------------------------- 
WUCS WENO EXACT -----------------------------------------
Conclusion
Weighted Upwinding Compact Scheme in this work has been constructed due to dissipation and dispersion analysis at each stencil. Also, the new scheme has been applied to many one dimensional typical problems involving discontinuities. Moreover, when using WUCS, High order, high resolution, and non-oscillation are achieved. Furthermore, there is an effort to modify the WENO weights by a new shock detector and to apply the new scheme to multi-dimensional flows with shock-turbulence interaction.
